Heavy reliance on groundwater for potable water and increasing groundwater contamination from human activities in Supare Akoko has prompted this research work. The study examined the pattern of groundwater movement by combining hydrogeologic measurements and electrical resistivity survey in the area in order to identify the groundwater converging centres and to locate appropriate dumpsites. The hydrogeologic measurements involved static water levels measurement of 40 hand-dug wells while the electrical resistivity investigation involved a total of 40 geoelectric soundings using the Schlumberger electrode configuration. The results of the hydrogeologic measurements were presented as maps of 3-D surface elevation, static water elevation, groundwater head and groundwater vector. These maps revealed that groundwater flows from central, western and southeastern regions to the southwestern and northeastern parts of the area. Two types of aquifer, which are the weathered layer aquifer and weathered/fractured (unconfined) aquifer with resistivity values of 62 -332 Ωm and 207 -989 Ωm respectively, were delineated from the geoelectric parameters of the study area. Aquifer layer resistivity map revealed that groundwater flow directions are from the west and north into other parts of the area, towards the southwestern and northeastern parts. The values of the aquifer characteristics obtained were in the range of 2.88 -437.4 m2/day for transmissivity, 1.2 -40.5 m/day for hydraulic conductivity and 0.001 -0.016 mS/m for electrical conductivity. The distribution of transmissivity values suggests the state of different aquifer systems in the area. These values when compared with international standards showed that the water in the aquifer is of high quality and yield from which long pumping can be maintained due to its capacity to regain water within a short period of time. A water scheme is proposed in the groundwater converging centres of the area to provide enough water for the people in the area. It is therefore recommended that dumpsites should be placed within the southern parts of the area in order to avert groundwater contamination. The inhabitants of the town must also be enlightened on the importance of ensuring a clean and hygienic environment around the source of their water to avoid associated health problems.
INTRODUCTION
Water is a major source of life due to its importance to man, plants and animals to survive, without which existence on earth would not be possible. Access to potable water is also a basic requirement for economic development. The safest kind of water supply is the use of groundwater due to the fact that it is less contaminated compared to surface water. It is not usually static but flows through saturated soils and rock masses. The ease with which water can flow through a rock mass depends on a combination of the size of the pores and degree to which they are interconnected [12] . Detailed knowledge and understanding of the groundwater flow patterns is essential to investigating the groundwater potential of an area, finding out the pattern of distribution of contaminants in order to offer dependable recommendations in locating good sites for waste disposal, distribution of vegetation and dam site for agricultural and industrial purposes.
Groundwater moves from areas of higher elevation or higher pressure/hydraulic head (recharge areas) to areas of lower elevation or lower pressure/hydraulic head [4] . It usually flows towards and eventually drains into streams, lakes, rivers, seas, ponds and boreholes. The flow of groundwater in aquifer does not always reflect the flow of water on the surface. It is necessary to know the direction of groundwater flow to determine the recharge zones and make sure that human activities in the area do not pose threat to the quality of the groundwater to enable a sustainable use of the resources. The study area is a residentially developing area with attendant growing population arising from the establishment of the State University near the town. Unfortunatelly, water supply by the water corporation is not readily available. The inhabitants only rely on the surface water sources and groundwater extracted from hand dug wells as supplements. The surface water from streams, rivers and hand dug wells most of which are shallow and vulnerable to contamination. Groundwater developments therefore constitute a viable option for potable water provisions as citizens require access to significant quantities and high quality groundwater supply for their daily activities.
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Journal homepage: http://iieta.org/Journals/EESRJ Groundwater applications of near-surface geophysics include mapping the depth and thickness of aquifers, mapping aquitards or confining units, locating preferential fluid migration paths and mapping contamination to the groundwater. Electrical method has proved particularly applicable to groundwater studies as the geological formation properties that are critical to hydrogeology can be correlated with electrical signatures. Geoelectrical resistivity method involving vertical electrical sounding has been used extensively to explore for groundwater and to determine the subsurface geologic sequences. Aquifer thickness, the size and degree of interconnection of pore spaces within the aquifer material affect estimation of groundwater resources and the ability of an aquifer to store and transmit groundwater [2] , [17] . Using this method, depth and thickness of various subsurface layers and their water yielding potentials can be deduced. It also widely used to investigate aquifer boundaries and its location [1] ; hydraulic conductivity [18] ; transmissivity [10] ; groundwater contamination [7] . Groundwater is transmitted through a deep aquifer comprising unconsolidated weathered materials that form the overlying mantle or regolith [11] . The difference between the measured depth and the static water level gives the drawdown values used in estimating transmissivity. [15] applied the Singh method to calculate the parameters of confined aquifers and discovered that the transmissivity of the Kabul basin in Afghanistan was 94.16 m 2 /day. They reported that the method shows high reliability. Failure of boreholes and increasing groundwater contamination from shallow hand-dug wells in Supare Akoko have prompted this research as no detailed geophysical investigation for mapping groundwater flow pattern has been carried out in the area. Therefore, evaluation of groundwater flow direction at the area was done in order to identify the converging centres which are high groundwater yield zones and to locate appropriate dumpsites to avert contamination. 
DESCRIPTION OF THE STUDY AREA (GEOLOGY AND HYDROGEOLOGY)
The study area is located within the North Senatorial district of Ondo State, Nigeria. It lies between latitudes 7° 24.18' N and 7° 30.53' N and longitudes 5° 39.25' E and 5° 43.47' E (Fig. 1) . The town is situated in the humid tropical region of Nigeria, characterized by alternating wet and dry seasons with a mean annual rainfall of over 1500 mm. The area is also characterized with a fairly uniform temperature and high relative humidity [13] . The inhabitants of this town are mainly indigenous of the town, students and government workers. This restricts their occupation mainly to farming, schooling and civil service. The area is drained by River Oyinmo, River Oyan and River Ose which are seasonal. The two rivers dominate the drainage system of the study area and it's mainly dendritic. The area is moderately to highly undulating with an average surface elevation of about 359 m.
The area falls within the Precambrian Basement Complex rocks of southwestern Nigeria. It is underlain by migmatitegneiss-quartzite complex with the granite gneiss being the major rock unit ( Fig. 2 ) with minor amount of porphyritic granite and grey gneiss. Grey gneiss in the study area varies from light to dark grey. The granite rocks are of the older granite suite. Sources of surface water supply to the study area are River Oyinmo, River Oyan and River Ose and their major tributaries. In basement complex area, groundwater is contained within the weathered and or fractured/jointed basement columns. The unconfined nature and the nearsurface occurrence of the aquifer system makes it vulnerable to surface/near surface pollutants from waste dumpsites.
The increasing population, rapid expansion of town and inappropriate dumping of wastes into streams, rivers, water bodies and some parts of the study area could lead not only to pollution of groundwater resources but also soil pollution. Soil pollution may have negative effects on people living on it, roots of plants that penetrate into it and animals that move around over it, especially, when the groundwater flow direction of the underlying aquifers is not regarded.
Figure 2. Geological map of Supare Akoko

MATERIALS AND METHODS
Sampling sites for the hydrogeologic measurements were chosen with the aim of measuring static water levels from which static water elevations could be inferred. Static water level measurements of 40 hand-dug wells were taken across the study area. The depths to the water levels in the wells within the study area were measured with the aid of a water meter. A global positioning system (GPS) device was used at each sample station to measure the coordinates of the stations and the surface elevations with respect to the mean sea level at points within the study area. The surface elevation at different points vary due to topographic variations, the static water level elevations were obtained by subtracting the static water level value from the surface elevation at each well location to reduce topographic variations. The hydrogeologic data were analyzed and presented as maps of static water level and static water elevation from which the discharge and recharge zones were delineated.
A total of 40 geoelectric soundings were carried out across the study area with a digital read-out ABEM SAS 1000 terrameter, using Schlumberger electrode array with half current electrode spread (AB/2) varying from 1 m to 65 m to 100 m depending on space availability and depth to bedrock. The vertical electrical sounding (VES) stations were placed near the hand-dug wells to enhance interpretation. The apparent resistivity values computed were plotted against the electrode spacing on a bi-log graph scale. The geoelectric sounding data were interpreted manually using the conventional partial curve matching technique involving the use of theoretical and auxiliary curves to obtain the initial model parameters [8] , [9] . The geoelectric parameters (resistivities and thicknesses) were further refined using a forward modeling computer algorithm, WinRESIST Version 1.0 [20] to obtain the true resistivity and thickness of the various layers. The results were presented as curves distribution chart, map of aquifer layer elevation and map of aquifer layer resistivity.
DETERMINATION OF AQUIFER PARAMETERS FROM VES RESULTS
A geoelectric layer is characterized by layer resistivity (ρ) and thickness (h). Other parameters like transmissivity, Tri, hydraulic conductivity (K) and longitudinal conductance (S) can be derived from the respective resistivity and thickness of the ith layer. The layer transmissivity, is given as Tri = Ki hi, where Ki is the hydraulic conductivity of the ith layer of thickness hi. The relationship between aquifer transmissivity Tri and transverse resistance R and that between Tri and longitudinal conductance, S has been derived analytically by [14] as follows:-
According to [14] , in areas where the geologic setting and water quality do not vary greatly the product Kσ remains fairly constant. The current flow through the pore space is conducted electrolytically through the interstitial fluid; hence electricity is controlled more by porosity and water than by the resistivity of the rock matrix. Thus, electrical path is similar to hydraulic path at the pore level and resistivity values should reflect this [10] . According to [10] , groundwater should follow the path of least resistance; hence, aquifer resistivity values could be used to determine groundwater flow direction. Longitudinal conductance (S), gives a measure of the impermeability of a layer and it is given as:-
The relationship between aquifer resistivity, aquifer thickness and aquifer longitudinal conductance were derived using the following equation,
This is an equation derived by [3] for reducing multi-layers aquifer resistivities to a single representative resistivity value (ρa).
RESULTS AND DISCUSSION
The 3-D surface elevation map (Fig. 3) and static water elevation map (Fig. 4) revealed the topography disposition of the area, the depressions are diagnostic of groundwater collecting centers within the study area. The static water elevation across the area ranged from 326 to 372 m. The Rivers (Oyinmo, Oyan and Ose) drain the area in the West-East direction at both the northern and southern parts of the area. The channels of these rivers constitute the lowest portion of the area which is indicative of the discharge zones in the area. Water usually flows from recharge areas to the discharge areas. Recharge areas are usually in topographical high places, while discharge areas are located in topographical lows [5] , [6] . Areas around Oke-Ilesa and Oriri Street corresponding to topographic highs are expected to form recharge zones. There is usually a deep unsaturated zone between the water table and the land surface in the recharge areas. On the other hand in the discharge areas, the water table is either close to or at the land surface. In the field, vegetation and surface water can sometimes be used to locate discharge area which may manifest in the form of a spring, lake, seep or stream [5] , [16] . Figures 5 (Groundwater head map of the study area) and 6 (Groundwater vector map) generated from the hydrogeologic measurement across the study area also showed recharge and discharge areas across the study area. The groundwater head map (Fig. 5 ) revealed that groundwater occurs at greater depth within central part, western and south eastern regions and occurs at shallow depth at the southwestern and the northeastern regions. This may be as a result of the outcropping basement rock and relative lower ground surface elevation along River Oyan at the north-eastern part of the study area. The presence of stream and river network is indicative that the zone corresponds to a discharge zone. Also, the groundwater vector map (Fig. 6) shown as vector grids revealed the groundwater flow direction with arrows showing the flow movement from higher elevation to lower elevation areas. Therefore based on the flow direction of groundwater in the study area, the converging zones (discharge areas) are high groundwater potential zones. The summary of aquifer characteristics of the sounding stations is presented in Table 1 . The transmissivity of the aquifers ranges from 2.88 -437.4 m 2 /day and the hydraulic conductivity of the aquifers ranges from 1.2 -40.5 m/day (Table 1 ). The distribution of transmissivity values suggests the state of different aquifer systems in the area. The transmissivity values indicate that long pumping can be maintained in the area. It also shows that the aquifers are high yielding and they can regain water within a short period of time. The aquifer electrical conductivity in the range 0.001 -0.016 mS/m is below the limit of 250 µS/cm recommended by the United State Environmental Protection Agency [19] and indicates that the quality of groundwater in the area is high.
The sharp variations in resistivity values of some parts of the study area could be attributed to the inhomogeneous nature of the aquifers in the area and the water quality within the aquifers. Figure 7 shows the geoelectric curve type distribution in the study area. The VES curve types obtained include H, KH, Q, A, QH, HK, HA and K with the H-type (40%) dominating. Three to four subsurface geologic layers were delineated in the study area. These include the top soil, weathered layer, partially weathered/fractured basement and fresh basement with resistivity ranging from 30 -1710 Ωm, 62 -332 Ωm, 207 -989 Ωm and 1046 -4753 Ωm respectively. Two types of aquifers, which are the weathered layer aquifer and weathered/fractured (unconfined) aquifer were delineated. The weathered aquiferous layer is underlain by conductive layer composed of clay, sandy clay and clayey sand with resistivity values ranging from 62 to 332 Ωm while the other aquifer is composed of sandy clay, clayey sand and sand with resistivity values ranging between 207 to 989 Ωm, which is typical of the basement complex terrain. This is in agreement with the geology of the area that groundwater is contained within the weathered and or fractured/jointed basement columns which shows the unconfined nature of the aquifer system. The aquifer layer resistivity map (Figure 8) shows that resistivity values range from 50 -1000 Ωm across the study area. The aquifer resistivity is high at the west and the northern part of the area with resistivity values above 350 Ωm. Groundwater flows within aquifer from higher resistivity to lower resistivity zones [10] . It could be deduced that groundwater flow from the west and northern regions of the area to other parts of the area, majorly towards the southwestern and northeastern parts. 
CONCLUSION
Major concern for quantity and quality groundwater has prompted investigation of the pattern of groundwater movement in the study area. The results of the hydrogeologic measurements and aquifer characteristics from geophysical data showed that groundwater within the study area flows from the centre, western and southeastern regions to the southwestern and northeastern parts of the area. These groundwater converging centres are high groundwater potential zones viable for groundwater development with high yield. Two types of aquifers, which are the weathered layer aquifer and weathered/fractured (unconfined) aquifer were delineated. This is in agreement with the geology of the area that groundwater is contained within the weathered and or fractured/jointed basement columns which shows the unconfined nature of the aquifer system. The transmissivity of the aquifers ranges from 2.88 -437.4 m 2 /day and the hydraulic conductivity of the aquifers ranges from 1.2 -40.5 m/day. The transmissivity values indicate that heavy pumping can be maintained in the area, as the aquifer can regain water within a short period of time. A water scheme to provide potable water for the people of the area is therefore proposed at these groundwater converging centres. This study displayed the applicability of geoelectric sounding in determining groundwater flow pattern in areas where there are little or no well from where hydrogeologic measurement could be made due to the correlation between their results. It is recommended that dumpsites should be placed within the southern parts of the area in order to minimize groundwater contamination. Also, regular monitoring of groundwater sources in the area should be carried out to prevent contamination of groundwater flow.
